Abbreviations: β-mannanase, mannan endo-1,4-β-mannosidase; CE, cellobiose 2- 
esterase (EC 3.1.1.6) contributes to the deacetylation of mannan. 13 A novel degradation pathway of β-1,4-mannooligosaccharides has been discovered in 14 intestinal and ruminal anaerobes Bacteroides fragilis and Ruminococcus albus NE1. 4, 5) 15
In this pathway, cellobiose 2-epimerase (CE, EC 5.1. . Enzyme activity assays. MGP activity: The reaction mixture (50 μL) contained 2 mM 4 Man-Glc, 100 mM sodium phosphate buffer (pH 6.5), 4 mM MES-NaOH buffer (pH 5 6.5), 0.2 mg/mL of bovine serum albumin, and an appropriate concentration of enzyme. 6 After incubation at 50°C for 10 min, the reaction was stopped by adding 100 μL of 2 M 7
Tris-HCl buffer (pH 7.0) and incubated immediately at 100°C for 3 min. The liberated 8 D-glucose was measured using a Glucose CII test (Wako Pure Chemical Industries, 9 Osaka, Japan). Man-Glc was prepared as described previously. 50 mM MES-NaOH buffer (pH 6.5) was incubated at 50°C for 10 min. The enzyme The growth of R. marinus and the production of mannan-metabolizing enzymes in 6 the presence (2 mg/mL) and the absence of glucomannan were compared (Fig. 1 ).
7
Growth was more abundant in the presence of glucomannan as carbon source than in its form and was purified to homogeneity at a yield of 3.32 mg/L (Fig. 2) Effects of pH and temperature on enzyme activity and stability 8 RmMGP activity was highest at pH 6.5, similarly to those of other MGPs ( Fig.   9 3a), 4, 5) and was stable at pH 5.5-8.3. Activity was highest at 75°C, similarly to those of 10 other R. marinus enzymes. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] RmMGP retained more than 90% of its activity before 11 treatment when incubated for 20 min at temperatures up to 80°C (Fig 3b) . apparently has more Pro residues on several loops (Fig. 4) . Hence these Pro residues 20 might contribute to the rigidity and thermostability of RmMGP as well.
21

Kinetic analysis of the phosphorolysis of Man-Glc
23
The initial velocities of phosphorolysis of Man-Glc at various concentrations of Pi 24 and Man-Glc were determined ( These data indicate that RmMGP catalyzed the phosphorolysis of Man-Glc through a 27 sequential bi-bi mechanism involving the formation of a ternary complex, as observed The acceptor specificity of the synthetic reaction was determined by measuring 6 initial reaction rates at a single concentration (10 mM) of Man1P and various substrates. Ile215.
29) The positions of these residues in RmMGP and RaMGP correspond to those 24 of BfMGP (Fig. 4) . Hence, the difference in synthetic activity towards the 6-OH RmMGP (Fig. 4) Apparent kinetic parameters were determined from reaction rates at 1.25-40 mM an acceptor and 10 mM Man1P .
Values are mean ± SD for three independent experiments. N.D., not determined. *Determined from the slope of s-v
